Isolated gallbladders of both hamsters and mice showed a contractile response consist-
Introduction
In a previous paper, we reported on the contractile responses of the hamster and mouse gallbladders to electrical stimulation with rectangular pulses (50 volt, 40Hz) of durations of 0.5, 1, 2, 3, 4, 5 and 6 msec for a period of 10 seconds (Yoshida and Koeda, 1991) . In most cases, the gallbadder showed little response tostimulation with pulses as short as 0.5 or 1 msec, while it produced a remarkable contractile response of long duration to stimulation with pulses as long as 4, 5, or 6 msec. And such contractile response was little affected by either atropine or tetrodotoxin. It is, therefore, reasonable to conclude that thecontractile responses of the hamster and mouse gallbladders induced by electrical stimulation with pulses of durations of 0.5, 1, 2, 3, 4, 5 and 6 msec are not mediated by an effect of the electrical current on the intramural nerves of the gallbladder, but are mediated by a direct effect of the electrical current on the muscle of the gallbladder. However, it is also possible that some substance other than a neurotransmitter is released from the wall of the gallbladder under electrical stimulation, the substance acts on the muscle in the wall of the gallbladder and plays a role in increasing contractile response. Such contractile response is yet unknown in otheranimal gallbladders.
However, it has been reported that a preparation of guinea-pig taenia coli in the presence of atropine and guanethidine under electrical stimulation evoked relaxation which was produced via non-adrenergic, non-cholinergic inhibitory nerves in the wall of the preparation, and followed by a contraction of long duration referred to as a rebound contraction. Another report revealed that a preparation of guinea-pig stomach under electrical stimulation evoked a contraction of short duration which was produced via cholinergic nerves in the wall of the preparation, and followed by relaxation, andthen evoked a contractioin of long duration. That is to say, a three-phase response was observed.
The contraction of long duration which was observed in eachpreparation of taenia coli and stomach as above was attributable to prostaglandins released from the wall of each preparation (Burnstock et al ., 1975; Sakamoto 1983 Sakamoto , 1985 Sakamoto , 1987 . The contraction of long duration observed in thehamster and mouse gallbladders, as stated before, is similar to that observed in each preparation of taenea coli and stomach as above. We, therefore, investigated the nature of the contraction of long duration which hamster and mouse gallbladders showed under electrical stimulation. The response belonging to Type I in both animals was as follows: The initial contractile response started, and reached the maximum, then began to relaxto a certain degree . The duration time of the process of the contractile response was as short as 10 to 40 seconds.
Following this process, the secondary contractile response started and reached the maximum , then began to relax and returned to the original base line. The duration time of the process of the contractile response was as long as 8 to 15minutes. The response belonging to TypeII in both animals was as follows: The initial contractile response started , reached the maximum and remained at this maximum state for a very short period of time. The duration time of the process of its contractile response was as short as5 to 25 seconds. Following this process, the secondary contractile response started, reached the maximum, began to relax, and then returned to the original base line. The duration time of the process of the contractile response was similar to that in the Type I response described above. The response of Type III in both animals was as follows: The contractile response started, reached the maximum , began to relax, and then returned to the original base line. Figure  3 , Table  2 and Figure  3 , Figure  4 and Figure  3 , Figure  4 and Figure  3 , Figure  4 and Table  2 . The amplitude of the secondary contractile response of the gallbladder in both animalswas, however, significantly reduced by ETYA (5•~10-6g/ml) as shown in Figure  3 , Figure  4 and 3 and Fig. 4 ).
Discussion
The hamster gallbladders evoked three types of responses under electrical stimulation (Fig.   1 ). Mouse gallbladders showed the same three types of responses under electrical stimulation as those of the hamster gallbladders (Fig. 1) . The difference among the three types of responses, in both hamster and mouse gallbladders, appears to depend upon the difference in the length of time from theending of the initial contractile response to the beginning of the secondary contractile response (Fig. 1) . That is to say, the latency of secondary contractile response is long in Type I, and short in Type II and Type III. It is suspected that the initial contractile response in Type III might be masked behindthe secondary contractile respone, since such latency is too short. The secondary contractile response of the gallbladder in both animals was observed after cessation of the electrical stimulation to the gallbladder as clearly shown in the both Type I and Type II responses, although such a reaction was not clear in the Type III response (Fig. 1) . Moreover, a gallbladder, in the case of both hamsters and mice, was not alwaysbound to only one of the three types of responses as stated in the "result" section.
Those results allow us to imagine that some substance might be released from the wall of the gallbladder under electrical stimulation and the substance could evoke a secondary contractile response of long duration. They also seem to suggest that its substance is not a neurotransmitter released from the intramuralnerves of the gallbladder, since the electrical stimulationinduced contractile responses of hamster and mouse gallbladders are not blocked by tetrodotoxin (Yoshida and Koeda, 1991) .
In the case of guinea-pig and rabbit gallbladders, the contractile response of short duration induced via the intramural cholinergic nerves and the relaxation response induced via the intramural non-adrenergic, non-cholinergic inhibitory nerves are observed using electrical stimulation with pulses of each duration of 1 msec or less (Lee and Fujiwara, 1973; Yanaura and Ishikawa, 1975; Davison et al., 1978; Yoshida and Ishiura, 1981) . In most cases of hamsters and mice, the gallbladder showed little response to electrical stimulation with such short pulses (Yoshida and Koeda, 1991) . The contractile response of short duration of the guinea-pig gallbladder to electrical stimulation with pulses of 6 msec duration in the present study is also mediated via the intramural cholinergic nerves, since its contractile response was significantly inhibited by either atropine or tetrodotoxin (Fig. 2) . The initial and secondary electrical stimulation-induced contractile responses of the gallbladder in both hamster and mouse are not supposed to be contractile response mediated via the intramural nerves of the gallbladder, since those responses were not influenced by atropine, guanethidine and tetrodotoxin, which are the drugs known to block nerve-mediated response ( Fig. 2 and Table 1 ).
On the other hand, in both hamsters and mice, indomethacin, which is an inhibitor of prostaglandin systhetase, and ETYA, which is an inhibitor of both prostaglandin and leukotrien synthetases, had little effect on the initial contractile responsesin both hamster and mouse gallbladders (Fig. 3, Fig. 4 and Table 2 ). However, each of these inhibitors significantly reduced the amplitude of the secondary contractile response in both animal gallbladders (Fig.   3 , Fig. 4 and Table 3 ). Each of the inhibitors had little effect on the duration time of the process of the secondary contractile response in both animal gallbladders (Fig. 3 and Fig. 4) . These results indicate that both indomethacin and ETYA have a similareffect on the electrical stimulation-induced contractile responses of both animal gallbladders. Moreover, ethanol which is a solvent of either indomethacin or ETYA, in both hamster and mouse, had little effect on both initial and secondary contractile responses of the gallbladder (Fig. 3, Fig. 4 , Table 2 and Table 3 ). It was thus concluded that ethanol did not influence the data relating to the effect of indomethacin and ETYAon the electrical stimulation-induced contractile response of the gallbladder.
From above-stated results, it is reasonable to conclude that the initial contractile response in both hamster and mouse gallbladders is mediated bya direct effect of the electrical current on the muscle of the gallbladder, and the secondary contractile response in their gallbladders responses of hamster and mouse gallbladders 119 is probably atributable to prostaglandins released from the wall of the gallbladder. The secondary contractile response in both hamster and mouse gallbladders is, therefore, similar to the contractile response of long duration in both stomach and taenea-coli preparations as described in the "introduction" section. Indomethacin and ETYA, in both hamster and mouse gallbladders, had littleeffect on the duration time of the process of the secondary contractile response of the gallbladder although they significantly reduced the amplitude of its response as previously mentioned.
Questions, therefore, still remain with regard to the mechanism of occurence of the secondary contractile response.
Further study will be necessary. Effects of leukotriens on the electrical stimulation-induced contractile responses of both hamster and mouse gallbladders may be negligible since indomethacin and ETYA affect those responses in a similar manner.
Moreover, as mentioned in the "introduction" section, the electrical stimulation-induced contractile responses of long duration observed in both cases of stomach and taenea-coli preparations of a guinea-pig are attributable to prostaglandins released from the wall of each preparation. Sakamoto (1983) suggested that such prostaglandins in the stomach preparation of a guinea-pig werereleased via the transmitter released from sympathetic nerve endings in the wall of the preparation. On the other hand, there was a report that prostaglandinswere released from a rat stomach during electrical stimulation of nerves in its wall (Bennett et al ., 1967) . Another report also suggested that, inthe rat stomach, electrical stimulation to the intramural nerve, which was not adrenergic but cholinergic, increased the release of prostaglandins (Coceani, et al., 1967) . The electrical stimulation-induced contractile responses of both hamster and mouse gallbladders were not considered to be mediated via the intramural nerves of their gallbladders as formerly stated. Therefore, intramural nerves of the gallbladder may have no influence on the release of prostaglandins responsible for the occurence of the secondary contractile response in either hamster or mouse gallbladder. This fact leads us to presume that the prostaglandins responsible for the secondary contractile response in both hamster and mouse gallbladders are released from the wall of the gallbladder by a direct effect of the electrical stimulation on that wall. This presumption was similar tothe one which was stated by Sakamoto (1985) in regard to the electrical stimulation-induced contractile response of long duration of a guinea-pig stomach preparation. In addition, the difference among the three types of responses, in both hamster and mouse gallbladders, is probably attributable to a difference of the length of time from cessation of the electrical stimulation to releasing prostaglandins.
